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The  present  invention  relates  to  a  new  Vibrio 
cholerae  mutant  and  to  a  cholera  vaccine  made 
therefrom. 

The  Vibrio  cholerae  enterotoxin  contains  two 
immunologically  active  portions  known  as  A  and 
B.  The  A  portion,  or  biologically  active  portion,  is 
responsible  for  the  biological  effects  of  the  toxin, 
namely  the  activation  of  adenylate  cyclase  in 
eukaryotic  target  (host)  cells.  The  B  portion  is 
responsible  for  binding  to  the  host  membrane 
receptor-the  GM1  ganglioside.  Although  the  B 
portion  is  immunologically  closely  related  to  the 
holotoxin  (ABs-s),  it  is  non-toxic  but  highly 
immunogenic. 

It  is  an  object  of  the  present  invention  to 
provide  a  safe,  effective  cholera  vaccine  obtained 
from  strains  of  Vibrio  cholerae  which  are 
immunogenic  but  non-pathogenic. 

According  to  the  invention  there  is  provided 
live,  mutant  EI  Tor  biotype,  Ogawa  serotype 
Vibrio  cholerae  bacterial  strains  deposited  at  the 
American  Type  Culture  Collection  under  either 
accession  number  31498  or  accession  number 
31503,  said  strains  being  such  that  they  produce 
the  non-toxic,  highly  immunogenic  B  portion  of 
the  cholera  enterotoxin  in  substantially  the  same 
amount  as  virulent  Vibrio  cholerae  bacteria,  while 
being  substantially  free  of  the  A  portion  of  the 
cholera  enterotoxin  capable  of  activating 
adenylate  cyclase  in  a  host  cell. 

The  present  invention  also  comprises  a  live, 
attenuated  Vibrio  cholerae  vaccine  comprising 
the  mutant  Vibrio  cholerae  bacteria  defined 
above  in  a  physiologically  acceptable  medium. 
The  vaccine  as  just  defined  is  generally  effective 
to  provide  immunological  protection  against 
diarrhoeal  bacterial  diseases,  including  diseases 
induced  by  Vibrio  cholerae  and  Escherichia  coli. 

According  to  another  aspect  of  the  invention, 
there  is  provided  a  composition  comprising  the  B 
portion  protein  produced  by  the  Vibrio  cholerae 
bacteria  defined  above  in  an  innocuous  medium. 

The  invention  extends  to  a  method  of  preparing 
the  B  portion  protein  as  defined  above,  which 
comprises  inducing  mutagenesis  in  Vibrio 
cholerae  bacteria,  and  selecting  mutants  free  of 
the  A  portion  protein  responsible  for  activation  of 
adenylate  cyclase.  This  may  be  followed  by 
subjecting  the  selected  bacteria  to  further  muta- 
genesis  with  mutants  free  of  the  A  portion  protein 
being  again  selected. 

Mutagenesis  in  either  or  both  stages  may  be 
effected,  for  example,  by  means  of  N-methyl-N'- 
nitro-N-nitrosoguanidine  (NTG). 

A  desirable  organism  for  vaccine  purposes 
would  be  one  which  produced  the  B  portion  (or 
subunit)  and  either  no  A  portion  (or  subunit)  or  A 
portion  in  altered,  biologically  inactive  form. 

In  an  attempt  to  produce  such  an  organism, 
mutagenized  Vibrio  cholerae  were  screened  for 
negative  subunit  A  production  by  subculture  onto 
agar  containing  antiserum  to  purified  A  subunit. 
Colonies  producing  A  subunit  have  a  charac- 

teristic  "halo"  of  immune  precipitation  around  or 
under  them  after  incubation.  Those  not  having 
the  halo  were  plated  onto  agar  containing 
antiserum  to  purified  B  subunit.  Some  of  these 
appeared  to  produce  B  antigens  in  initial  tests. 
However,  the  putative  "A-B+"  colonies,  when 
tested  in  broth  culture  by  Ouchterlony  tests,  gave 
some  suggestion  of  A  antigen  production.  One  of 
these  was  subjected  to  a  second  mutagenesis.  Of 
approximately  2,000  "second  generation" 
mutants,  one  was  found  to  produce  B  antigen, 
without  detectable  A,  and  its  cultured  supernatant 
fluid  was  found  to  be  nontoxic  in  the  Y-1  adrenal 
cell  system.  This  mutant  was  designated  by  us  as 
"Texas  Star",  as  will  be  described  in  more  detail 
in  the  following  description. 

In  more  detail,  suspensions  of  Vibrio  cholerae 
were  treated  with  a  mutagenic  agent  N-methyl- 
N'-nitro-N-nitrosoguanidine  (NTG).  The 
procedure  used  was  similar  to  that  described  by 
Adelberg  et  al.,  Biophys.  Biochem.  Res. 
Commun.,  18:  788-795  (1965)  with  the  following 
variation.  Appropriate  dilutions  of  the  suspension 
to  yield  isolated  colonies  were  applied  to  the 
surface  of  a  nutrient  medium  containing  anti- 
serum  directed  against  the  A  portion  of  the 
cholera  enterotoxin.  Colonies  which  failed  to 
produce  precipitation  (A-)  were  tested  in  a  similar 
manner  on  a  nutrient  medium  containing  anti- 
serum  directed  against  the  B  portion  of  the 
cholera  enterotoxin.  Those  colonies  which 
produced  a  substantial  precipitation  thus  indicat- 
ing  production  of  the  B  portion  of  the  cholera 
enterotoxin  (B+)  were  tested  further  by  more 
sensitive  techniques  to  determine  whether  they 
are  in  fact  "A-B'."' 

The  putative  mutants  were  cultivated  in  broth 
cultures  under  conditions  suitable  for  production 
of  cholera  toxin  and,  following  incubation,  the 
culture  supernatants  concentrated  by  membrane 
ultrafiltration  and  the  concentrates  were  then 
tested  in  Ouchterlony  (double  diffusion  immuno- 
precipitation)  test  against  the  respective  antisera 
for  the  presence  of  A  and  B  antigens. 

The  culture  supernatants  were  also  tested  for 
toxicity  resembling  that  of  intact  cholera  toxin  by 
applying  serial  dilutions  of  the  supernatants  to 
cultured  Y-1  mouse  adrenal  tumour  cells.  These 
cells  respond  to  cholera  enterotoxin  and  related 
enterotoxins  with  a  characteristic  alteration  in 
their  cellular  morphology.  This  is  an  extremely 
sensitive  test  for  cholera  enterotoxin.  For 
example,  culture  supernatants  of  the  parent 
strains  used  in  this  effort  can  be  diluted  1 :38  and 
still  cause  the  distinctive  morphologic  changes  in 
adrenal  cells.  Failure  to  cause  this  change  in 
dilutions  of  culture  supernatant  greater  than  1:3 
was  regarded  as  evidence  that  cholera  toxin  was 
not  present.  Mutants  which  meet  these  criteria 
were  then  tested  in  the  sensitive  infant  rabbit 
model  to  determine: 

(a)  whether  they  cause  symptons  resembling 
cholera; 

(b)  whether  they  have  the  ability  to  colonize  the 



infant  rabbit-that  is,  to  multiply  in  the  intestine 
of  infant  rabbit. 

Candidate  strains  were  further  tested  for  their 
stability  by  evaluating  these  properties  in  cholera 
vibrios  which  have  been  isolated  from  infant 
rabbits  in  consecutive  serial  passages  in 
additional  infant  rabbits.  Since  failure  to  produce 
symptomatology  could  mean  either 

(a)  that  the  mutant  was  stable;  or 
(b)  that  a  "revertant"  could  not  express  itself  in 

the  presence  of  overwhelming  numbers  of  the 
mutant, 

Additional  experiments  were  performed  to 
evaluate  stability: 

(i)  Small  numbers  (e.g.  approximately  100 
viable  organisms)  of  the  wild-type  virulent  parent 
cholera  vibrios  were  mixed  with  large  numbers 
(e.g.,  109  to  10")  of  the  mutant  strain  and 
inoculated  into  the  baby  rabbits.  Evidence 
(symptons)  of  cholera  in  these  rabbits  indicate 
that  had  a  revertant  developed,  it  could  have 
expressed  itself  in  the  presence  of  large  numbers 
of  the  mutant  population. 

(ii)  Additionally,  large  numbers  of  colonies  of 
cholera  vibrios  isolated  from  the  infant  rabbits 
infected  with  the  mutant  strain  were  tested  in  the 
mouse  Y-1  adrenal  cell  system  mentioned  above 
to  determine  whether  they  had  acquired  the 
ability  to  produce  larger  amounts  of  toxin  than 
the  original  mutant. 

The  strain  selected  for  these  studies  was  a 
strain,  3083,  isolated  from  a  patient  in  Viet  Nam  in 
1964.  This  strain  is  an  Ogawa  serotype  EI  Tor 
biotype  cholera  vibrio,  in  contrast  to  the  hyper- 
toxigenic  Vibrio  cholerae  569B,  which  had  been 
used  unsuccessfully,  previously,  and  which  is  an 
Inaba  serotype  strain  of  the  classical  biotype.  In 
our  tests,  the  strain  3083  produces  similar 
amounts  of  cholera  enterotoxin  to  strain  569B;  in 
fact,  it  produces  more  cholera  enterotoxin  than 
other  strains  of  V.  cholerae  of  the  EI  Tor  biotype. 
The  EI  Tor  biotype  has  a  number  of  advantages  as 
a  live  vaccine  strain:  it  is  "hardier";  it  survives 
better  in  nature;  and  it  colonizes  better than  strain 
569B  or  other  strains  of  the  classical  biotype.  The 
epidemiologic  evidence  indicates  that  EI  Tor 
vibrios  have  a  much  higher  infection-to-case  ratio 
than  do  classical  cholera  vibrios.  Therefore,  a 
mutant  which  retains  these  properties  of  the  EI 
Tor  biotype  is  much  more  likely  to  disseminate 
under  the  unsanitary  conditions  of  areas  where 
diarrhoeal  disease  is  endemic  and  to  produce 
"herd  immunity".  It  is  to  be  understood,  however, 
that  other  strains  also  may  be  employed. 

Following  the  first  NTG  mutagenesis  of  this 
strain  at  37°C,  eight  of  the  more  than  2900 
colonies  examined  appeared  to  be  A'  on  A 
antiserum  agar.  Five  of  these  appeared  to 
produce  B  antigen  in  initial  tests,  but  three  of  the 
"A-B+"  colonies,  when  tested  in  broth  culture  by 
Ouchterlony  tests,  gave  some  suggestion  of  A 
antigen  production  and  two  gave  equivocal 
reactions.  One  of  these  was  subjected to  a  second 
mutagenesis  with  nitrosoguanidine  at  30°C.  Of 
approximately  2000  "second  generation" 

mutants,  one  was  found  to  produce  B  antigen 
(without  detectable  A)  and  its  cultured  super- 
natant  was  found  to  be  nontoxic  in  the  Y-1 
adrenal  cell  system.  This  mutant  has  been 
designated  as  "Texas  Star".  A  culture  of  this 
mutant  organism  has  been  deposited  without 
restriction  with  American  Type  Culture  Collection, 
Rockville,  Maryland  on  4th  April  1979  under 
accession  number  ATCC  31503.  Interestingly, 
most  of  the  colonies  developing  after  the  second 
mutagenesis  are  found  to  produce  A  antigen, 
suggesting  that  either  reversion  had  occurred, 
that  the  subculture  consisted  of  a  mixture  of  A+ 
and  A-  bacteria,  or  that  the  first  mutant  colony 
produced  some  small  amount  of  A  which  was  not 
sufficient  to  cause  a  clearly  detectable  reaction 
under  the  colony. 

From  subculture  of  the  Texas  Star  mutant  on 
nutrient  agar  medium  containing  streptomycin, 
an  antibiotic  to  which  the  parent  strain  is 
susceptible,  it  was  possible  to  isolate  another 
mutant  (a  derivative  of  Texas  Star)  which  was 
resistant  to  (that  is,  which  would  produce 
colonies  in  the  presence  of)  20  ug/ml  of  strepto- 
mycin.  This  mutant  is  designated  "Texas  Star 
SR."  The  inclusion  of  this  additional  mutational 
genetic  marker  (in  addition  to  its  inability  to 
produce  the  A  region  of  cholera  toxin  while 
producing  B  region)  serves  to  differentiate  Texas 
Star  SR  from  other  EI  Tor  vibrios  of  the  Ogawa 
serotype  and  is  useful  as  an  independent  marker 
to  evaluate  potential  claims  of  "reversion".  A 
culture  of  this  mutant  organism  has  been 
deposited  without  restriction  with  American  Type 
Culture  Collection,  Rockville,  Maryland  on  26 
March  1979  under  accession  number  ATCC 
31498. 

The  Texas  Star-SR  mutant  has  been  cultivated 
in  moderate-scale  fermentor  cultures  according 
to  the  same  procedures  used  routinely  for  the 
production  of  cholera  enterotoxin,  and 
enterotoxin-related  protein  has  been  isolated 
from  these  fermentor  cultures  in  the  same 
manner  as  we  use  for  the  isolation  of  cholera 
enterotoxin.  During  these  procedures,  the  anti- 
genically  active  mutant  protein  behaves 
identically  with  choleragenoid.  There  is  no 
evidence  for  a  protein  peak  in  those  fractions 
which  contain  cholera  toxin  when  the  wild-type 
parent  strain  is  processed  by  the  same  tech- 
niques;  rather,  only  the  choleragenoid-like  peak  is 
observed.  When  this  protein  is  further  purified 
according  to  techniques  previously  established,  it 
behaves  in  an  identical  manner  with 
choleragenoid;  and  in  subsequent  tests  (disc 
electrophoresis,  immunoelectrophoresis,  sodium 
dodecyl  sulphate  polyacrylamide  gel  electro- 
phoresis,  and  Ouchterlony  tests)  no  differences 
between  the  mutant  protein  and  reference 
choleragenoid  are  detected. 

With  regard  to  their  stability,  the  mutant  strains 
have  shown  no  evidence  of  reversion  during  16 
serial  passages  involving  more  than  300  infant 
rabbits,  and  more  than  800  colonies  isolated  from 
the  infant  rabbits  have  been  tested  and  show  no 



evidence  of  enhanced  toxicity  in  the  mouse  Y-1 
adrenal  cell  culture  system. 

The  amount  of  choleragenoid  produced  in  vitro 
is  similar  to  that  which  is  produced  by  the  parent 
strain,  if  we  consider  only  the  B  portion  of  the 
whole  toxin  molecule  in  the  latter  instance,  as 
demonstrated  by  a  sensitive  and  reproducible 
radial  immunodiffusion  (Mancini)  test. 

The  Texas  Star-SR  mutant  has  been  inoculated 
into  the  intestinal  tract  of  chinchillas  where  it 
produced  no  symptoms  of  cholera.  When  these 
chinchillas  were  subsequently  challenged  with 
virulent  cholera  vibrios,  in  parallel  with  control 
chinchillas  which  had  not  previously  been 
inoculated  with  the  mutant,  the  chinchillas  were 
found  to  be  resistant  (immune)  to  experimental 
cholera. 

Antiserum  prepared,  in  rabbits,  against  the 
purified  mutant  choleragenoid  has  been  found  to 
neutralize  (at  high  dilutions)  both  V.  cholerae 
enterotoxin  and  the  heat-Labile  enterotoxin  of 
Escherichia  coli,  another  important  cause  of 
diarrheal  disease. 

A  vaccine  containing  the  Texas  Star  mutant  or 
the  Texas  Star  SR  mutant  may  be  prepared  by 
growing  the  mutant  in  one  or  more  subcultures  to 
increase  the  cell  count,  and  lyophilizing  the  cells 
until  used.  The  cells  are  then  reconstituted  with  a 
suitable  medium,  e.g.  distilled  water,  and  divided 
into  unit  doses  containing  about  105  cells  or  more, 
usually  from  about  106  to  about  1011  cells  per 
dose.  In  the  case  of  an  orally  administered  liquid 
vaccine  the  dosage  volume  may  be  about  5  ml. 
The  liquid  oral  vaccine  is  administered  after 
giving  the  recipient  an  amount  of  an  alkali 
effective  to  neutralize  stomach  acidity,  e.g.,  about 
2  grams  of  NaHC03.  The  vaccine  may  also  be 
administered  in  the  form  of  an  enteric  coated 
capsule  containing  an  equal  quantity  of  lyo- 
philized  Texas  Star  or  Texas  Star  SR  mutant  cells. 

The  following  example  illustrates  the  present 
invention  without,  however,  limiting  the  same 
thereto. 

Example 
An  inoculum  (105  cells/ml)  of  Vibrio  Cholerae 

Ogawa  serotype,  EI  Tor  biotype  is  precultured  in 
16  ml  of  syncase  media  with  shaking  at  37°C  for  6 
hours.  The  culture  is  then  centrifuged  at  2,OOOxG 
for  20  minutes.  The  cells  are  resuspended  in  9.5 
ml  of Tris-maleate  buffer  (sterilized  by  membrane 
filtration),  pH  6.0.  The  cell  count  is  1.2x107/ml.  A 
1.0  ml  solution  of  N-methyl-N'-nitro-N-nitroso- 
guanidine  (NTG)  (sterilized  by  membrane  fil- 
tration)  containing  1,000  pg/ml  in  distilled  water  is 
added  to  9.0  ml  of  the  resuspended  cells.  The 
resulting  mixture  is  incubated  at  37°C  for  25 
minutes  while  shaking  gently.  The  mixture  is  then 
centrifuged  (2,000xG  for  15  minutes).  The  cells 
are  resuspended  in  30  ml  of  syncase  and  again 
centrifuged  at  2,OOOxG  for  15  minutes.  The  cells 
are  resuspended  in  9.0  ml  of  20%  glycerol 
tripticase  soya  broth  (TSB).  The  cell  count  is 
1.6x105/ml.  The  cells  are  tested  by  plating  an 
aliquot  on  agar  containing  anti-A  serum.  Colonies 

which  fail  to  produce  halos  are  cultured  on  agar 
containing  anti-B  serum.  Colonies  which  produce 
halos  with  anti-B  serum  are  selected.  If  not  tested 
immediately,  the  cells  may  be  stored  at  -70°C. 

An  inoculum  (106  cells/ml)  of  the  selected 
culture  is  precultured  on  30  ml  of  syncase  media 
with  shaking  at  30°C  for  5  hours.  The  cell  culture  is 
then  centrifuged  at  2,OOOxG  for  20  minutes.  The 
cells  are  then  resuspended  in  9.5  ml  of  Tris- 
maleate  buffer  (sterilized  by  membrane  filtration) 
pH  6.0.  The  cell  count  is  2.9x109/ml.  A  1.0  ml 
solution  of  NTG  (sterilized  by  membrane  fil- 
tration)  containing  1,000  µg/ml  in  distilled  water  is 
added  to  9.0  ml  of  the  resuspended  cells.  The 
suspension  is  incubated  at  30°C  for  30  minutes 
while  shaking  gently.  The  suspension  is  then 
centrifuged  at  2,OOOxG  for  20  minutes.  The  cells 
are  resuspended  in  30  ml  of  syncase.  The 
suspension  is  then  centrifuged  again  at  2,000xG 
for  20  minutes.  The  cells  are  resuspended  in  9.0 
ml  of  20%  glycerol  TSB.  The  cell  count  is  2.1  × 108/ 
ml.  The  cell  suspension  may  be  stored  at  -70°C 
until  used. 

1.  Live,  mutant  EI  Tor  biotype,  Ogawa  serotype 
Vibrio  cholerae  bacterial  strains  deposited  at  the 
American  Type  Culture  Collection  under  either 
accession  number  31498  or  accession  number 
31503,  said  strains  being  such  that  they  produce 
the  non-toxic,  highly  immunogenic  B  portion  of 
the  cholera  enterotoxin  in  substantially  the  same 
amount  as  virulent  Vibrio  cholerae  bacteria,  while 
being  substantially  free  of  the  A  portion  of  the 
cholera  enterotoxin  capable  of  activating 
adenylate  cyclase  in  a  host  cell. 

2.  A  live,  attenuated  Vibrio  cholerae  vaccine 
which  comprises  the  mutant  Vibrio  cholerae 
bacteria  defined  in  claim  1  in  a  physiologically 
acceptable  medium. 

3.  A  live,  attenuated  Vibrio  cholerae  vaccine  in 
accordance  with  claim  2,  which  is  effective  to 
provide  immunological  protection  against 
diarrhoeal  bacterial  diseases  induced  by  Vibrio 
cholerae  and  Escherichia  coli. 

4.  A  composition  which  comprises  the  B  portion 
protein  produced  by  the  Vibrio  cholerea  bacteria 
defined  in  claim  1  in  an  innocuous  medium. 

5.  A  method  of  preparing  the  B  portion  protein 
of  claim  4,  which  comprises  inducing  muta- 
genesis  in  Vibrio  cholerae  bacteria  and  selecting 
mutants  free  of  the  A  portion  protein  responsible 
for  activation  of  adenylate  cyclase. 

6.  A  method  according  to  claim  5,  in  which  the 
selected  bacteria  are  subjected  to  further  muta- 
genesis  and  further  selection  of  mutants  free  of 
said  A  portion  protein. 

7.  A  method  according  to  claim  5  or  6  in  which 
the  mutagenesis  is  effected  by  N-methyl-N'-nitro- 
N-nitrosoguanidine. 

1.  Lebende,  mutierte  Vibrio  cholerae- 



Bakterienstämme  vom  Biotyp  EI  Tor,  Serotyp 
Ogawa,  die  bei  der American  Type  Culture  Collec- 
tion  sowohl  unter  der  Hinterlegungsnummer 
31  498 als auch 31  503  hinterlegt  sind,  wobei  die 
Stämme  so  geartet  sind,  daß  sie  den  nicht- 
toxischen,  hoch-immunogenen  B-Bestandteil  des 
Cholera-Enterotoxins  im  wesentlichen  in  der  sel- 
ben  Menge  produzieren  wie  virulente  Vibrio 
cholerae-Batkerien,  wobei  sie  im  wesentlichen 
frei  vom  A-Bestandteil  des  Cholera-Enterotoxins 
sind,  der  fähig  ist,  die  Adenylzyklase  in  einer 
Wirtszelle  zu  aktivieren. 

2.  Lebende,  verdünnte  Vibrio  cholerae-Vaccine, 
die  mutierte  Vibrio  cholerae-Bakterien,  wie  in 
Anspruch  1  definiert,  in  einem  physiologisch 
annehmbaren  Medium  enthält. 

3.  Lebende,  verdünnte  Vibrio  cholerae-Vaccine, 
gemäß  Anspruch  2,  die  wirksam  einen  immuno- 
logischen  Schutz  gegen  bakterielle  Durchfaller- 
krankungen  zur  Verfügung  stellt,  die  durch  Vibrio 
cholerae  und  Escherichia  coli  induziert  werden. 

4.  Eine  Zusammensetzung,  die  das  B- 
Bestandteil-Protein  enthält,  das  durch  Vibrio 
cholerae-Bakterien  hergestellt  wird,  wie  es  in 
Anspruch  1  definiert  ist,  in  einem  unschädlichen 
Medium. 

5.  Verfahren  zum  Herstellen  des  B-Bestandteil- 
Proteins  gemäß  Anspruch  4,  wobei  in  Vibrio 
cholerae-Bakterien  Mutagenese  induziert  wird 
und  Mutanten  selektiert  werden,  die  frei  sind  vom 
A-Bestandteil-Protein,  das  verantwortlich  für  die 
Aktivierung  der  Adenylzyklase  ist. 

6.  Verfahren  nach  Anspruch  5,  wobei  die  selek- 
tierten  Bakterien  einer  weiteren  Mutagenese  und 
einer  weiteren  Selektion  von  Mutanten  unter- 
worfen  werden,  welche  frei  vom  genannten  A- 
Bestandteil-Protein  sind. 

7.  Verfahen  nach  Anspruch  5  oder  6,  wobei  die 
Mutagenese  durch  N-methyl-N'-nitro-N- 
Nitrosoguanidin  bewirkt  wird. 

1.  Souches  bactériennes  de  Vibrio  cholerae 
sérotype  Ogawa,  biotype  El  Tor  mutantes 
vivantes  déposées  à  l'American  Type  Culture 
Collection  soit  sous  le  n°31498,  soit  sous  le 
n°31503,  lesdites  souches  étant  telles  qu'elles 
produisent  la  portion  B  fortement  immunogène 
non  toxique  de  l'entérotoxine  cholérique 
sensiblement  en  même  quantité  que  la  bactérie 
Vibrio  cholerae  virulente,  tout  en  étant  sensible- 
ment  exempte  de  la  portion  A  de  l'entérotoxine 
cholérique  capable  d'activer  l'adénylate-cyclase 
dans  une  cellule  hôte. 

2.  Un  vaccin  de  Vibrio  cholerae  atténué  vivant 
qui  comprend  le  mutant  de  la  bactérie  Vibrio 
cholerae  défini  à  la  revendication  1  dans  un  milieu 
physiologiquement  acceptable. 

3.  Un  vaccin  de  Vibrio  cholerae  atténué  vivant 
selon  la  revendication  2  qui  est  efficace  pour 
assurer  la  protection  immunologique  contre  les 
maladies  bactériennes  diarrhéiques  induites  par 
Vibrio  cholerae  et  Escherichia  coli. 

4.  Une  composition  qui  comprend  la  protéine 
portion  B  produite  par  la  bactérie  Vibrio  cholerae 
définie  à  la  revendication  1  dans  un  milieu 
inoffensif. 

5..  Un  procédé  pour  préparer  la  protéine  portion 
B. de  la  revendication  4  qui  consiste  à  induire  une 
mutagénèse  dans  la  bactérie  Vibrio  cholerae  et  à 
sélectionner  les  mutants  exempts  de  la  protéine 
portion  A  responsable  de  l'activation  de 
l'adénylatecyclase. 

6.  Un  procédé  selon  la  revendication  5,  dans 
lequel  les  bactéries  sélectionnées  sont  soumises 
à  une  nouvelle  mutagénèse  et  un  nouvelle 
sélection  de  mutants  exempts  de  ladite  protéine 
portion  A. 

7.  Un  procédé  selon  la  revendication  5  ou  6, 
dans  lequel  la  mutagénèse  est  effectuée  par  la 
N-méthyl-N'-nitro-N-nitrosoguanidine. 
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